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PREFACE

This handbook was prepared as a training document for members of the
measuring team who collected the anthropometric and demographic data in the
1987-1988 Army survey. It is intended, in addition, to serve future
anthropometrists and researchers as a detailed record of how the data in this
landmark survey were obtained.

A number of people contributed their knowledge and talents to this
effort, The authors are particularly grateful to the following persons for
their careful review of the manuscript in its early stages: Edna Albert,
Technical Editor at the U.S., Army Natick Research Development and Engineering
Center; Dr. Kenneth Parham, Research Anthropologist and Dr. Owen Maller,
Research Psychologist at Natick's Science and Advanced Technology Directorate;
and Brenda Baker, Department of Anthropology, University of Massachusetts.

Drawings in this book were executed with diligent attention to detail by
Gary Ball. Photographs were taken and retaken with painstaking care by Tebby
Stanley.

Thanks also go to Jane Reese, Belva Hodge, Lori Deen, Julie Hiefner and
Jean Bolin of Anthropology Research Project, Inc., for their help in the
production of this handbook.

Last but not least are the 22 members of the measuring team whose
experience during the month-long training period and the first few weeks in
the field led to the incorporation of many useful modifications.

This book was prepared by the Anthropology Research Project, Inc. under
Army Contract DAAK60-86-C=0128 with the U.S. Army Natick Research,
Development and Engineering Center in Natick, Massachusetts. The contract
monitor was Dr., Claire C. Gordon of the Human Factors Group.
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MEASURER'S HANDBOOK
U.S. ARMY ANTHROPOMETRIC SURVEY, 1987-1988

INTRODUCTION

The systematic measuring of the human body is called anthropometry, from
the Greek words anthropos meaning human being or man, and metron, to measure.
Anthropometry is a subdiscipline of the more familiar field, anthropology,
the study of man.

All U.S. military and many foreign services maintain anthropometric
data bases detailing the body-size distributions of their personnel. These
data are used primarily to guide the design and sizing of clothing and personal
protective equipment and the design and layout of military workstations. More
recently, and of growing importance, is the use of anthropometric data in
devising computer-generated models of the body. These models are used to
assess the body's reactions to life-threatening occurrences, such as vehicular
crashes or ejection from an aircraft, or to guide the design and evaluation of
aircraft and other vehicular workstations. The required data are obtained by
measuring dimensions of the body.

In the U.S. Army anthropometric survey of 1987-1988, 132 directly
measured dimensions were chosen as the most useful for meeting current and
anticipated Army needs. In addition, hand photos will be taken for later
measurement, and an automated headboard will be used to collect a set of
three-dimensional head and face data. These measurements will form the basis
for ensuring that Army clothing, equipment, and systems properly accommodate
Army personnel who run the body-size gamut from small women to large men.

The sampling strategy to be used for this survey was developed to include
preset numbers of men and women of different age categories and racial
classifications. The twofold object of the sampling plan is to obtain a data
base which can be used to accurately represent today's Army, and which can be
restructured, as needed, to reflect changes in the ratios of different
categories of personnel in the future. To achieve this objective, 5,000 Army
men and 3,000 Army women will be measured for all dimensions. The successful
completion of this task will depend on you and the other members of the
measuring team,

The purpose of this manual is to describe and explain the tools and
procedures required for the precise and accurate measurement of Army men and
women and to familiarize anthropometrists (measurers) with the landmarks and
dimensions of the body essential to the accomplishement of that task. Although
really significant learning can only come from actual training and practice,
this handbook will serve as an introduction to what the anthropometrist will
be looking for and how to find it and measure it. Included here are tips on
how to handle subjects, descriptions of the measuring instruments to be used,
definitions and illustrations of body landmarks which serve as the point of
origin and termination of the dimensions, descriptions and illustrations of
the dimensions and the instructions for their measurement. Also included are
a glossary of terms, and brief explanations of what uses the Army will make of
the data collected on each dimension.



Additional information appears in six appendixes as folloys: instructions
for the use of the computers used in this survey (Appendix A);" instructions
for the use of the hand photometric system (Appendix B);“ commercial sources
and specifications for the anthropometric instruments (Appendix C);
instructions for the use of the automated headboard device (Appendix D);3 a
visual index (Appendix E); and an explanation of allowable observer error
(Appendix F).

SUBJECTS

While the measurer is the central figure on which the success of the
survey depends, another critical component in the effort is the anthropometric
subject. Cooperation from the subject will make your job much easier.

Some men and women will be apprehensive about being measured, and some
will not like it. There is no question that the measuring process intrudes
significantly on the individual's personal sense of privacy. Subjects are
stripped of most of their clothing, and their real or perceived imperfections
revealed. They are touched and prodded when landmarks are located and drawn on
the body. (In this survey there will be more than 100 landmarks drawn on each
subject.) They will be touched while being measured and while being assisted
into the body positions required for particular measurements. Because of
nervousness, subjects will often perspire even though the measuring room
seems cool to you, Have tissues available to offer them if you observe this.
They'll appreciate it, and it will make taking measurements with the tape
easier for you.

To relieve natural apprehension, subjects will have been exposed to
extensive publicity given to this survey through Army media. Its importance
to the Army and to them personally will be fully explained, and similar
information about the survey and exactly what the measuring procedures entail
will be explained to them in a briefing before they are measured. You can do
much to make subjects comfortable by your professional demeanor.

A few pointers on the treatment and handling of subjects will make your
task easier and enhance subjects' cooperation. Check the subject's name and
Army rank from the data form when he or she enters your station, and the first
time you address the subject use the rank and last name, e.g., Corporal
Jackson, Sergeant Alexander, Captain Henry, Colonel Rodrigues. After that,
just use the military rank, [All grades of privates are addressed as
"Private'"; sergeant majors are addressed as "Sergeant Major", first sergeants
are addressed as "First Sergeant', and all other grades of sergeants are
addressed as '"Sergeant"; specialists are addressed as "Specialist"; 2nd and 1lst
lieutenants are addressed as "Lieutenant'"; lieutenant colonels and colonels are
referred to as "Colonel". You will not be measuring generals, but they will
occasionally visit the survey site and will be in uniform. Whether they wear
one, two, three, or four stars on their shoulders, all are addressed as
"General'.] If you forget his or her name or rank during the course of the
measuring, address the subject as "sir" or "ma'am" regardless of rank.

When locating and drawing landmarks on the body, when taking measurements,
and when assisting your subjects into the body position required for a
measurement or series of measurements, grasp or touch them with relative
firmness. Most people dislike a light touch just as they dislike a limp



handshake. A light touch can be misperceived and many subjects are ticklish.
When asking a subject to assume a position for taking a measurement or when
giving other instructions, say "please."

Chatting with your subjects will make your job more interesting., You are
going to be interacting with many interesting men and women whose jobs in the
Army run the gamut from armorers to pediatricians. Many will be interested in
you and your job.

Most of the subjects with whom you deal will be pleasant -- or at least
civil -- and cooperative. Inevitably, there will be a few subjects who will
try your patience severely., Some will be highly critical of the survey, of
the measurements, or of the way you are taking the measurements. Your
knowledge of the survey will enable you to reply to some of the remarks but
you will not be able nor should you try to respond to all of them. Unwe lcome
personal comments should be ignored whenever possible, Be as pleasant and

professional as you can, and get the job done.

PHYSICAL ANOMALIES

You will not encounter serious problems of physical asymmetry or
deformities in Army men and women since severe ones such as missing limbs
would interfere with the performance of Army tasks and such individuals would
not have passed Army physicals. However, as you'll soon learn, most people
display some degree of asymmetry. Peoples' shoulders are not often of equal
height, nor are their arms and legs of exactly the same length. Usually these
differences between rights and lefts are not particularly noticeable; however,
you will encounter subjects where such differences are obvious and would affect
a measurement, Lf the affected body part is on the subject's right side where
most measurements are routinely taken, the marker will already have decided
that a particular dimension or series of dimensions should be measured on the
left instead of the right side of the body, and will have drawn the necessary
landmarks on the left side. The marker will also have decided when an athletic
or surgical trauma or a birth defect such as a deformed ear may make it
appropriate to measure the left instead of the right body member and will have
so marked the subject. Therefore, you will have no need to question or
comment to your partner Or the subject about the matter. Just measure the
left side and the recorder will enter into the computer the code that will
indicate that the dimension was measured on the left side. While you should
not initiate such conversation, your subject may well comment on the fact of
his or her asymmetry Or problem, and then talking about the matter is, of
course, appropriate.

SAFETY

There are no procedures required in anthropometry that are in any way
threatening or hazardous to subjects or anthropometrists. However, positive
action is required to prevent the kind of accidents that can happen in a
survey environment. ‘

At some measuring and marking stations, the subject must stand on a
platform or table. The platforms and tables have sturdy handrails for the
subject to grasp and the tables have steps to make it easy for the subject to



get on them. It is your responsibility to keep an eye on the subject as he or
she is getting on or off the table or platform and to be prepared to assist the
subject if he or she should chance to stumble or fall,

At measuring station #2, when arm reaches are measured subjects are
required to place their heels on a line on the floor and lean back so that
their shoulders are against a wall. A nonslip surface for subjects to stand on
will be affixed to the floor. It is the responsibility of the team members at
this station to be sure that the nonskid surface is securely in place.

None of the measuring instruments offers an inherent threat to the
subject or anthropometrist, Care must be taken not to jab a subject with the
blades of an anthropometer or caliper. Particular care must be taken when
measuring dimensions near the eyes to ensure that an instrument does not
touch the eye itself. When measuring EYE HEIGHT, SEATED, tell the subject
that you will keep the blade of the anthropometer away from the eye so that
he or she will not reflexively move his or her head and perhaps bump into the
anthropometer during the measurement.

At some measuring stations subjects are required to maintain a rigidly
erect standing posture for a series of measurements. Though these postures
need only be maintained for a few minutes, a few subjects will become woozy and
feel faint, especially if the measuring environment is too warm. You must tell
each subject to let you know if he or she does become woozy. If this happens,
immediately have the subject sit, and do not continue measuring until the
subject assures you that he or she feels fine and wishes to continue.

Though very unlikely, it is possible that a subject will faint. Be alert
to this possibility so that if it happens you can help ease the subject to the
floor., Immediately inform the team supervisor or her assistant and do not let
the subject get up until instructed to do so.

For sanitary purposes, measurers will wash their hands and wipe
instruments off with alcohol before each subject is measured.
MEASURING INSTRUMENTS

The instruments that will be used for measuring the body in this survey
are the following:

anthropometer steel tape

functional leg length anthropometer modified tape

beam caliper foot boxes

sliding caliper wall-mounted measuring scale
modified sliding caliper scales (weighing)

spreading caliper pupillometer

Holtain caliper automated headboard device
Poech caliper hand photometric system




These are illustrated in Figures 1 through 8 along with various measuring
aids such as dowels and blocks. [The uses of these aids are described in
individual measurement descriptions (pp. 70 to 201) where appropriate.]

The anthropometer is the basic tool of the anthropometrist and is used to
measure all linear dimensions., The bottom half or three-quarters is detachable
to form the instrument that is used for measuring heights from a standing
surface to the lower parts of the body, or from a gitting surface to the head
or upper body parts of a seated subject. The detached upper half forms a beam
caliper to measure breadths, depths, and body segment lengths. The modified
anthropometer with foot support is used to measure FUNCTIONAL LEG LENGTH.

The smaller sliding, spreading, Holtain, and Poech calipers are used
primarily for measuring dimensions of the head, face, and hands. The
traditional steel tape and the specially modified tape are used to measure
body circumferences and arcs.

Wall-mounted scales (sheets of laminated millimeter graph paper) provide
an efficient method for obtaining measures of arm reach. Similarly, the
footbox facilitates positioning and measuring of the foot.

The more complex measuring systems include the pupillometer [the use of
which is described in the measurement description for INTERPUPILLARY BREADTH
(p. 137)], the automated headboard device, and the hand photometric system,
(described in detail in Appendixes B and D, respectively). Commercial sources
for the standard instruments and specifications for the custom-made instruments
are given in Appendix C.

ASSEMBLING AND READING THE ANTHROPOMETER

The anthropometer comes in four sections, each of which is 50 cm long.
Since each anthropometer is individually graduated, it is important that
sections of different instruments not be mixed. A unique number for each
anthropometer is stamped at one end of each section to prevent mixing them up.
Assemble the anthropometer so that the scale on one side reads continuously
from 1 to 210 cm, and the scale on the other side reads from 1 to 95 cm. The
slide is generally not removed from the beam. If it is removed, however, it
should be placed on the beam in such a way that the shape of the slide matches
exactly the shape of the fixed head at the top of the anthropometer. When the
slide is moved all the way to the top of the correctly assembled anthropometer,
the anthropometer scale will read 210 cm and the beam caliper scale will read
0.6 cm. Another quick check for accurate assembly is to make sure that the
blade of the slide is immediately below or in line with the blade of the head
when the two are brought together.
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Figure 1. Anthropometer: Figure 2. Calipers and tapes:
a. beam caliper; a. steel tape;
b. four sections of the b. spreading caliper;
basic anthropometer; c. sliding caliper;
c¢. beam caliper with - d. Holtain caliper;
paddles. : e. Poech caliper;

f. modified tape.

Figure 3. Functional leg length Figure 4. Pupillometer.
anthropometer. -




Figure 5. Foot measuring equipment: Figure 6. Wall scales.
a. left foot box; b. modified
sliding caliper; c. right foot
box; d. block.
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Figure 7. Hand photometric system,




Automated headboard device.

Figure 8.




CARE AND MAINTENANCE OF MEASURING INSTRUMENTS

Anthropometers and calipers are precision measuring instruments. They are
not fragile, but care must be taken in their use. It is important that they
not be dropped or knocked off a table since such a mlshap could cause the
instrument to be bent and, thus, misaligned. If an instrument is dropped, use
a caliper gauge to check its accuracy before using it again., A damaged
instrument must be repaired or replaced. A particular note of caution: do
not lean an anthropometer against a wall or table. Tt can easily fall and be
damaged.

The anthropometer, calipers, and tape must be cleaned with isopropyl
alcohol after each subject is measured.

The batteries of the pupillometer are placed in a compartment located on
the side of the instrument and closed by a sliding cover (see Figure 9). The
pupillometer should always be laid down with the reading face up to prevent
light from coming in. If it is inadvertently placed upside down, the lamp will
light up and the user will be warned by the indicator lamp "V". The nose pads
are of flexible material and may be removed for replacement and cleaning. They
too should be cleaned with alcohol after each use,

Figure 9. Battery installation: pupillometer.

MARKING INSTRUMENTS

Although most landmarks are located by sight or by palpation, some
require the use of instruments. These include a landmark transfer rod for
transferring landmarks from one side of the body to the same level on another
side, a.straight edge with level for locating several scye landmarks, and a
variety of plastic rules. The marking instruments are shown in Figures 10 and
11.



Figure 10, Marking instruments:

a. straightedge with
level; b, plastic rules;
c. steel tape.

Figure 11. Landmark transfer rod.
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MEASURING STATIONS

The measurements to be taken in this survey have been divided into seven
manageable groups, each group to be measured at a specific station. The
dimensions assigned to each station, in order of measurement, are as follows.

Station #1

Stature

Cervicale Height

Neck Height, Lateral
Acromial Height

Axilla Height
Suprasternale Height
Chest Height

Tenth Rib Height

Waist Height (Natural Indentation)
Iliocristale Height
Waist Height (Omphalion)
Waist Breadth

Waist Depth

Hip Breadth

Chest Depth

Chest Breadth
Bustpoint/Thelion=-
Bustpoint/Thelion
Breadth
Acromion-Radiale Length
Radiale-Stylion Length
Shoulder-Elbow Length
Forearm-Hand Length
Axillary Arm Circumference
Elbow Circumference
Wrist Circumference
Biceps Circumference,
Flexed
Forearm Circumference,
Flexed

Station #2

Thumbtip Reach

Wrist=Wall Length

Wrist-Wall Length, Extended

Overhead Fingertip Reach

Overhead Fingertip Reach,
Extended

Span

Overhead Fingertip Reach,
Sitting

Lateral Femoral Epicondyle
Height

Knee Height, Midpatella

Calf Height

Lateral Malleolus Height

Wrist Height, Sitting

Station #3

Functional Leg Length
Crotch Length (Omphalion)
Crotch Length (Natural Indentation)
Vertical Trunk Circumference (ASCC)
Vertical Trunk Circumference (USA)
Waist (Natural Indentation)-

Waist (Omphalion) Length
Waist=Hip Length
Buttock Circumference
Thigh Circumference
Gluteal Furrow Height

11

Buttock Height

Trochanteric Height

Wrist Height

Crotch Height

Buttock Depth

Bispinous Breadth

Bimalleolar Breadth

Heel Breadth

Crotch Length, Posterior
(Omphalion)

Crotch Length, Posterior
(Natural Indentation)



Head Circumference
Bitragion Coronal Arc
Bitragion Crinion Arc
Bitragion Frontal Arc
Bitragion Subnasale Arc
Bitragion Chin Arc
Bitragion Submandibular Arc
Bizygomatic Breadth
Head Length

Head Breadth
Menton-Sellion Length
Ear Length

Eye Height, Sitting

Sitting Height

Cervicale Height, Sitting

Midshoulder Height, Sitting

Acromial Height, Sitting

Elbow Rest Height

Waist Height, Sitting
(Natural Indentation)

Waist Height, Sitting
(Omphalion)

Thigh Clearance

Weight

Neck Circumference

Neck Circumference, Base

Shoulder Circumference

Chest Circumference at Scye

Chest Circumference

Chest Circumference Below
Breast

Waist Circumference
(Natural Indentation)

Waist Circumference
(Omphalion)

Waist Front Length (Natural
Indentation)

Waist Front Length (Omphalion)

Strap Length

Neck-Bustpoint/Thelion
Length

Shoulder Length

Station {#4

Ear Length above

Tragion
Ear Breadth
Ear Protrusion
Interpupillary Breadth
Thumb Breadth
Wrist=Thumbtip Length
Wrist-Center of Grip Length
Hand Length
Wrist=Index Finger Length
Hand Breadth '
Hand Circumference

Station #5

Knee Height, Sitting
Popliteal Height
Buttock-Knee Length
Buttock=Popliteal Length
Hip Breadth, Sitting
Biacromial Breadth
Bideltoid Breadth
Forearm=Forearm Breadth
Abdominal Extension Depth,
Sitting

Station #6

Interscye II
Intersecye I
Scye Depth
Waist Back Length
(Natural Indentation)
Waist Back Length
(Omphalion)
Scye Circumference
Sleeve Outseam
Sleeve Length: Spine-Scye
Sleeve Length: Spine-Elbow
Sleeve Length: Spine-Wrist
Lower Thigh Circumference
Knee Circumference
Calf Circumference
Ankle Circumference
Heel/Ankle Circumference
Ball of Foot Circumference



Station #7

Hand photometric system - hand photos
Automated headboard device - three-dimensional head and face coordinates of
the following points:

Alare, right and left Promenton

Cheilion, right and left Pronasale

Crinion Sellion

Ectoorbitale, posterior: right and left Stomion

Frontotemporale, right and left Subnasale

Glabella Tragion, right and left
Gonion, right and left Zygion, right and left
Infraorbitale, right and left Zygofrontale, right and left
Menton

Station #8

Ball of Foot Length
Foot Breadth, Horizontal
Foot Length

Basically, one pair of anthropometrists will be assigned to each
measuring station, although male and female measurer/recorder pairs will
rotate between station #3 (sex-sensitive measurements) and station #7 (hand
photos and three-dimensional head measurements) depending on the sex of the
subjects to be measured.

Other stations will include an in/out processing station and two marking
stations where several team members will locate and draw marks on subjects to
be used later by the measurers in locating the dimensions to be measured (see
next section: LANDMARKS).

SUBJECT SELECTION

The 8,000 subjects to be measured in this survey will be selected
according to a carefully devised sampling strategy. The sampling plan will
ensure that the survey sample includes sufficient numbers of all the age,
gender, and racial/ethnic groups found in the Army. Approximately 30,000
soldiers will be screened to achieve this end. The screening process will
include the collection of biographical data and measurements of stature and
weight. Two team members will work with Army personnel at the subject
selection station.

Subject selection will ordinarily occur at or near a Company's
headquarters and/or barracks. There, groups of 80-120 soldiers will assemble
at morning and afternoon formations where they will be briefed about the
survey. The soldiers will fill out biographical questionnaires which include
information needed to select survey subjects, and will be asked to change into
the standard shorts (for women, shorts and T-shirts) so they can be measured for
stature and weight by the team members. A physician's scale and anthropometer
will be used to obtain the measurements. Read the scale to the closest tenth
of a kilogram, and stature to the closest 1 mm.
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Using the biographical and measurement information as input, Army
personnel will select subjects on the basis of computer programs. Those
selected for the survey will then proceed to the measuring site. Those not
selected for the survey will turn in their biographical questionnaires. Thank
them, and tell them they are free to return to their company formation and/or
duties.

IN/OUT PROCESSING STATION

Subjects arriving at the measuring site will be briefed by the team
supervisor on the general purposes and procedures of the survey, and proceed
to a dressing room where standard shorts and T-shirts will be issued. From
there, subjects go to the in/out processing station. Team members assigned to
this station will be responsible for entering information from the subject's
biographical form into the computer. The resulting disk will be given to the
subject who will carry it around to each measuring station where dimensional
data will be recorded on it., After measuring is completed, the subject will
return to the in/out processing station where three additional measurements
will be made: Foot Length, Ball of Foot Length, and Foot Breadth, Horizontal.
A team member will make a printout of the disk and check to see that the
subject has visited all other measuring stations. If not, he or she will be
asked to go back to the missing station. If information is complete the
subject will be thanked, routed to the debriefing station where he or she will
turn in the shorts and T-shirt, and dismissed. The disk and printout will be
retained at the in/out processing station.

A flow diagram for the processing of subjects is shown in Figure 12.

MEASURING STATION LAYOUT

At the measuring stations each pair of anthropometrists will alternate as
measurer and recorder, The function of the measurer is, of course, to take
the measurements. The recorder's primary function is to enter the measurement
data into the computer and check the values of the measurements called off by
the measurer.

Important additional duties of the recorder are to assist the measurer in
achieving and maintaining the proper instrument orientation when taking
measurements (e.g., the tape is horizontal, the anthropometer vertical), and
to ensure that the subject is in the proper position for a particular
measurement (e.g., looking straight ahead, shoulders relaxed). In almost all
cases, this assistance involves visual checks and verbal suggestions. To
accomplish these duties with minimum interference to data entry, the recorder
positions himself or herself so as to get the best possible view of everything
that goes on at the station. Each anthropometrist/recorder pair will work out
between themselves how best to do that. The suggested layout of measuring
station #2 in Figure 13 illustrates one useful arrangement., (In actual
practice, only one subject will occupy a measuring station at any one time.)
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Figure 12, Flow chart for sub

ject selection and processing.

15



Figure 13. Suggested measuring station layout,

At station #2, the subject stands or sits in a corner for the several
dimensions for which a wall-mounted scale is used. For one measurement the
subject stands with the back against the wall and the arms outstretched at the
sides. Other dimensions measured at this station require the subject to stand
on a table where a few heights from the table to points on the leg are
measured, several circumferences of the leg are taken, and three foot
dimensions are measured. For these dimensions it is important for the
recorder to ensure that the subject's arms are horizontal or vertical when a
wall-scale is used, that the anthropometer is vertical when heights are
measured, and that the tape is horizontal when circumferences are measured.
With the recorder positioned as illustrated in Figure 13, only head movement 1is
required to observe what is necessary.

THE LANDMARKS

Dimensions are measured from one point on the body (or a fixed surface
such as a floor) to another, or in the case of circumferences, around a part
of the body at a specified level. To ensure that each dimension is measured
accurately and consistently from subject to subject, dimensions are defined in
terms of body landmarks which serve as their origin, termination, or level of
measurement.

Three categories of landmarks are described in this section: (1) About
65 landmarks (designated by lines, crosses, and dots) will be drawn on each
subject in advance of the measuring. (2) Additional landmarks will be drawn
on the face by team members operating the automated headboard at measuring
station #7, (3) Some 30 easily-identified landmarks (e.g., dactylion II - the
tip of the index finger) are cited in the measurement descriptions but will not
actually be drawn on the subject's body,

DRAWN LANDMARKS

Many of the landmarks which serve as the starting point or endpoint of a
given measurement are located with reference to underlying bones or muscles.
Two men and two women will be trained in locating these points by palpation
and sighting, and two marking stations will be set up for this purpose. The
landmarks to be marked at the two stations are, in order of marking:

16



Marking Station 1

Crinion

Sellion

Tragion, right and left

Infraorbitale

Menton

Submandibular

Infrathyroid

Cervicale

Neck: right lateral, anterior,
and left lateral

Trapezius point, right and left

Clavicle point, right and left

Acromion, right and left

Midshoulder

Scye, anterior on torso

Scye, anterior on upper arm

Scye: posterior horizontal on
torso, right and left

Scye: posterior vertical,
right and left

Scye: posterior diagonal,
right and left

Midscye, right and left

Midspine

Scye level at midspine

Waist (omphalion), anterior

Deltoid point, right

Biceps point

Marking Station 2

Lateral femoral epicondyle, sitting
Trochanter
Inner thigh
Gluteal furrow point
Anterior superior iliac spine, right
and left
Iliocristale
Trochanterion
Lateral femoral epicondyle
standing
Suprapatella
Midpatella
Dorsal juncture of the foot
and leg
First metatarsophalangeal protrusion
Fifth metatarsophalangeal protrusion
Lateral malleolus

LANDMARK DESCRIPTIONS

Calf

Suprasternale

Tenth rib

Waist (natural indentation), right

Bustpoint, right and left

Radiale

Stylion

Metacarpale II

Metacarpale V

Wrist, dorsal

Olecranon, center

Deltoid point, left

Waist (omphalion): right, left,
and posterior

Waist (natural indentation): posterior,

left, and anterior
Buttock point, right and left lateral

The following pages describe the landmarks drawn on the body and give

instructions for their location and marking.
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Acromion, right and left

DESCRIPTION: The point of intersection of the lateral border of the acromial

process and a line running down the middle of the shoulder from the neck to
the tip of the shoulder.

PROCEDURE: Subject is in the anthropometric standing position. Stand behind
the subject and palpate the tips of both shoulders simultaneously. Draw a
line along the lateral bony border of each shoulder. Then stand at the

right of the subject and lay a tape on the shoulder originating at the
trapezius point (at the base of the neck), passing so that the front edge of
the tape lies over the clavicle (collar bone) point, and crosses the drawn
acromial border at the tip of the shoulder. Draw a short line along the front

edge of the tape where it crosses the acromial border. Repeat the process for
the left shoulder.
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Anterior superior iliac spine, right and left
DESCRIPTION: The anterior points of the right and left iliac crests.

PROCEDURE: Subject is in the anthropometric standing position. Stand in
front of the subject. Locate each iliac crest (the top of the pelvis) by
palpation and then bring the thumb to the anterior points of the crests. Draw
a cross (+) through each landmark. In most cases you will have to ask the
subject to lower the waistband of the shorts somewhat to reveal these points.

CAUTION: Do not distort the skin when drawing the cross.
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Biceps point

DESCRIPTION: The highest point of the right flexed biceps as viewed from the
subject's right side.

PROCEDURE: Subject stands with the right upper arm extended forward
horizontally and the elbow flexed about 90 degrees, The fist is tightly
clenched and held facing the head. Stand to the right of the subject and
locate the highest point on the flexed biceps by inspection. Draw a short
line perpendicular to the long axis of the upper arm passing through the
landmark.,
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Bustpoint, right and left

DESCRIPTION: The anterior points of the bra cups.

PROCEDURE: Subject is in the anthropometric standing position. Stand at the
right of the subject and sight the most protruding point of the bra over each
breast. Draw a dot on each landmark.
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Buttock point, right lateral and left lateral

DESCRIPTION: Points at the level of the maximum protrusion of the right
buttock.

PROCEDURE: Subject is in the anthropometric standing position. Stand at the
right of the subject and sight the point of maximum protrusion of the right
buttock (buttock point, posterior). (This landmark is not drawn.) Set the
landmark transfer rod to the height of the posterior buttock landmark., Move it
to the right and left sides of the subject and draw short horizontal marks on
each side. On the right side mark the line with a "B",
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Calf

DESCRIPTION: A point on the side of the calf at the level of the maximum
circumference of the right calf.

PROCEDURE: Subject stands erect on a table with the weight distributed
equally on both feet. Stand behind the subject. Wrap a tape around the calf,
crossing it at the back, and slide it up and down to establish the maximum
circumference of the calf. Be sure the tape is in a horizontal plane. Draw a

short horizontal line along the bottom of the tape on the lateral side of the
calf.

CAUTION: On some subjects the level of maximum circumference of the calf may

extend vertically more than 1 cm. In such cases, the landmark is drawn at the
level of the lowest maximum circumference of the calf.

o

p——
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Cervicale

DESCRIPTION: The superior palpable point of the spine of the seventh cervical
vertebra.

PROCEDURE: Subject is in the anthropometric standing position with the head
in the Frankfort plane. The spine of the seventh cervical vertebra is the
most prominent vertebral spine of the back of the neck. It is best found by
having the subject bend the head downwards. Stand behind the subject and with
the pad of the index finger, palpate the most prominent spine. Have the
subject slowly bring the head up to the Frankfort plane while intermittently
touching the spine. When the head is in place, locate the superior point of
the spine of the seventh cervical vertebra. Draw a cross (+) through the
landmark.,

CAUTION: A few subjects will be encountered on whom no cervical spine
prominence is detectable. On such subjects, estimate the point as nearly as
possible with respect to the neck and shoulders. A few subjects will exhibit
two or three equally prominent spinal processes. In such cases, mark the
spine that is closest to the posterior base of the neck as established by a
tape, Be sure that the head is in the Frankfort plane when the landmark is
drawn,
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Clavicle point, right and left

DESCRIPTION: The superior points of the lateral ends of the clavicles.

PROCEDURE: Subject is in the anthropometric standing position. Stand behind
the subject and palpate the top of the lateral ends of the clavicles (collar
bones) near the tips of the shoulders until you locate their most superior
points. Place dots over the landmarks.
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Crinion

DESCRIPTION: The lowest point of the hairline on the forehead in the
midsagittal plane.

PROCEDURE: Subject stands looking straight ahead. Stand in front of the
subject and locate, by inspection, the lowest point of the hairline on the
forehead in the midsagittal plane (on some subjects, the widow's peak). Place
a dot on the landmark. On subjects with receding hairlines, this landmark
cannot be established and is, therefore, not drawn.
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Deltoid point, right and left

DESCRIPTION: The lateral point of the right deltoid muscle, and the margin of
the left deltoid muscle at the level of the right deltoid point.

PROCEDURE: Subject is in the anthropometric standing position. Stand in
front of the subject and locate, by inspection, the most protruding point of
the right upper arm overlying the deltoid muscle. Draw a short horizontal
mark through the landmark. Use a landmark transfer rod set at the height of
the right deltoid landmark to establish the location of the left deltoid
landmark. Draw a short horizontal line through the left landmark.
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Dorsal juncture of the foot and leg

DESCRIPTION: The top of a skin crease between the foot and the front of the
ankle when the knees and ankles are flexed about 30 degrees.

PROCEDURE: Subject stands on the table with the feet flat on the table and
the knees bent so that distinet skin creases appear on the top of the foot at
its juncture with the ankle. Stand in front of the subject and locate the

top of the deepest and longest crease by inspection. Ask the subject to stand
erect and then draw a short horizontal line through the point,
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Fifth metatarsophalangeal protrusion

DESCRIPTION: The most lateral protrusion of the right foot in the region of
the fifth metatarsophalangeal joint.

PROCEDURE: Subject stands on a graph paper on a table with the weight

distributed equally on both feet. Position the right foot in such a way that
the inside of the foot is parallel to a line on the table, Stand in front of
the subject and, by inspection, locate the maximum protrusion on the outside
of the foot near the little toe. If the maximum protrusion is not clearly
defined, use a marking block. The landmark is at the midpoint of the surface

that is in contact with the block. Draw a short vertical line through the
landmark.
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First metatarsophalangeal protrusion

DEFINITION: The most medial protrusion of the right foot in the region of
the first metatarsophalangeal joint,

PROCEDURE: Subject stands on a table with the weight distributed equally on
both feet. Position the right foot in such a way that the inside of the foot
is parallel with a line on the table, Stand in front of the subject and, by
inspection, locate the maximum protrusion of the inside of the foot near the
big toe., If the maximum protrusion covers an area larger than a point use a
marking block. The landmark is at the midpoint of the surface that is in
contact with the block. Draw a short vertical line through the landmark. On
some subjects the big toe will splay out. This should be ignored. Be sure
the mark is placed on or near the joint on the end of the foot and not on the
toe,
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Gluteal furrow point

DESCRIPTION: The lowest point of the lowest furrow or crease at the juncture
of the right buttock and the thigh.

PROCEDURE: Subject is in the anthropometric standing position. Stand behind
the subject and draw a short horizontal line at the top of the thigh at the
lowest point of the lowest crease. Where there is a smooth continuous curve
at the juncture of the thigh and buttock, view the buttock/thigh juncture from
the right side and draw the landmark where you judge it to be appropriate.
Even on subjects with a continuous curve, a skin crease can usually be
discerned.
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Iliocristale

DESCRIPTION: The highest palpable point of the right iliac crest of the
pelvis, one half the distance between the anterior superior iliac and
posterior superior iliac spines.

PROCEDURE: Subject stands in the anthropometric standing position. Stand in
front of the subject. Use both hands to locate the anterior and posterior
points of the iliac crests and note one half the distance between them. At
this midpoint, use the tip of the finger to move upwards on the right side to
locate the highest palpable point, and draw a short horizontal line through
the landmark. Draw an "I" on the line.
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Infraorbitale
DESCRIPTION: The lowest point on the anterior border of the bony eye socket.,

PROCEDURE: Subject stands, looking straight ahead. Stand in front of the
subject and palpate the bony eye socket under the eye to locate its lowest
point. Draw a dot on the landmark.

CAUTION: Subjects may be apprehensive when you palpate near their eyes. Care
must be taken in locating this landmark to reduce the subject's concern.
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Infrathyroid

DESCRIPTION: The inferior point in the midsagittal plane of the thyroid
cartilage (Adam's apple).

PROCEDURE: Subject stands with the head in the Frankfort plane. Stand in
front of the subject and palpate the smooth lateral surface of the thyroid
cartilage moving downwards until you feel the space between the thyroid
cartilage and the cricoid cartilage just below it. Then locate the bottom
point of the thyroid cartilage in the midsagittal plane. Draw a short
horizontal line through the landmark.

CAUTION: Be sure the subject's head is in the Frankfort plane.
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Inner thigh

DESCRIPTION: A vertical line halfway between the front and back of the right
inner thigh, and extending downward from the level of the gluteal furrow.

PROCEDURE: Subject stands erect, looking straight ahead with the left foot on
a platform so that the left knee is flexed about 90 degrees. Stand at the
left of the subject and locate the landmark by inspection. Draw a vertical
line approximately 4 cm long down the middle of the inner thigh beginning at
the level of the gluteal furrow (posterior juncture of the buttock and thigh).
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Lateral femoral epicondyle, standing and sitting

DESCRIPTION: Lateral point of the right femoral epicondyle (knee pivot
point). :

PROCEDURE: Subject stands erect on a table with the weight distributed
equally on both feet, Stand in front of the subject and, with one hand, grasp
the bony prominences of the bottom of the femur (femoral epicondyles) located
to the left and right of the knee. Have the subject flex the knee to help
locate these structures. The subject then straightens the knee. When you
have located the lateral point of the lateral femoral epicondyle use the thumb
or index finger of the other hand to mark its place and draw a cross (+)
through the landmark. The subject now sits. The lateral femoral epicondyle
point, sitting, is located by the same means while the subject sits, On this
landmark draw an "0" about 5 mm in diameter.

CAUTION: This landmark is difficult or impossible to locate accurately in
heavily muscled subjects., Use your best judgment in these cases.
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Lateral malleolus

DESCRIPTION: The lateral point of the right lateral malleolus (an ankle
bone).

PROCEDURE: Subject stands on a table with the weight distributed equally on
both feet., Stand at the subject's right and use a marking block to locate the
protruding point on the lateral malleolus (the ankle bone on the outside

of the foot). Draw a cross (+) through the point.

CAUTION: This landmark can be on a vein,
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Menton

DESCRIPTION: The inferior point of the mandible in the midsagittal plane
(bottom of the chin),

PROCEDURE: Subject stands, looking straight ahead, with the teeth together,
Stand in front of the subject. Locate the landmark by palpation of the lower
jawbone just under the chin, and draw a dot on it.

CAUTION: Be careful not to distort the sometimes soft tissue of the skin
when drawing the landmark.
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Metacarpale II

DESCRIPTION: The lateral point of the right metacarpophalangeal joint II (at
the base of the index finger).

PROCEDURE: Subject stands. Stand in front of the subject. Grasp the
subject's hand and palpate the metacarpophalangeal joint II to locate its most
laterally protruding point., The landmark will be located on the side of the

hand at the base of the index finger. Draw a short line perpendicular to the
long axis of the finger through the landmark.
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Metacarpale V

DESCRIPTION: The medial point of the right metacarpophalangeal joint V (at
the base of the little finger).

PROCEDURE: Subject stands. Stand in front of the subject. Grasp the
subject's hand and palpate the metacarpophalangeal joint V to locate its most
medially protruding point. The landmark will be located on the side of the
hand at the base of the little finger. Draw a short line perpendicular to the
long axis of the finger through the landmark.
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Midpatella

DESCRIPTION: The anterior point halfway between the top and bottom of the
right patella (the kneecap).

PROCEDURE: Subject stands erect on a table with the knee relaxed. Stand in
front of the subject. Grasp the kneecap with the forefinger on the supra-
patella mark and the thumb on the lower edge of the patella. Establish the
midpoint by sight and draw a short horizontal line through the landmark.

CAUTION: Subjects commonly lock their knees when this landmark is being
Tocated. If the subject has difficulty relaxing the knee, firmly grasp the
subject's thigh a few inches above the knee and then let go. This usually has
the effect of relaxing the patella., If the subject is still unable to relax
the knee, move on to other landmarks and then try the patella landmark again.
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Midshoulder

DESCRIPTION: The point on top of the right shoulder midway between the neck
(right trapezius point) and the tip of the shoulder (acromion, right).

PROCEDURE: Subject stands in the anthropometric standing position., Stand

behind the subject and lay a tape along the top of the shoulder from the

trapezius point, at the juncture of the neck and shoulder, to the acromion )
landmark at the tip of the shoulder. WNote one-half the measured distance and

draw a line from front to back across the shoulder at that point. Make sure

the line crosses over the top of the trapezius muscle at that location.
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Midspine
DESCRIPTION: A line down the center of the back.

PROCEDURE: Subject is in the anthropometric standing position. Stand behind
the subject. Using a plastic rule as a guide, draw a vertical line about 10

cm long down the back, in the midsagittal plane, beginning at a point about 4
em below cervicale (at the base of the neck).
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Neck: anterior, right lateral, and left lateral

DESCRIPTION: Anterior and lateral points at the base of the neck.

PROCEDURE: Subject stands looking straight ahead. Stand behind the subject.
Place a tape around the base of the neck, laying it first in front, then on
the sides, and finally, across the back, as if to measure NECK CIRCUMFERENCE,
BASE. The anterior landmark is at the bottom of the tape, on the front of the
neck in the midsagittal plane. The subject places a finger on the tape near
the anterior landmark to help hold the tape in place. Draw a short horizontal
line through the landmark. The right and left lateral landmarks are located
at the bottom of the tape on both sides. Draw roughly 4-cm-long horizontal
lines through both landmarks following the bottom of the tape.
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Olecranon, center

DESCRIPTION: A point on the center of the curvature of the right olecranon
process (the elbow) with the elbow flexed about 115 degrees.

PROCEDURE: Subject stands. The subject makes fists and brings them together
in such a way that the metacarpophalangeal and proximal interphalangeal
knuckles are touching. With the volar surfaces of the hands facing outwards
and the palm sides facing inwards, the subject raises the arms until they are
in a horizontal position roughly parallel to the standing surface. The
forearms and fists are in a straight line. Stand at the right of the subject.
Locate the center of the curvature of the elbow by inspection and draw a

short vertical line through the landmark.
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Radiale
DESCRIPTION: The highest point on the outside edge of the radius,

PROCEDURE: Subject stands relaxed. Stand at the right of the subject and
palpate the area of the landmark (the hollow on the lateral side of the
elbow). When you have located the upper end of the radius bring the
forefinger toward it horizontally and touch it gently so as not to pull the
skin around it up or down. Draw a cross (+) through the point. If you have
any difficulty locating this point, grasp the subject's wrist and rotate the
arm back and forth while palpating the bone in the area of the landmark.
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Scye

DESCRIPTION: Points on the upper arm and torso associated with the armhole of
a garment.

Anterior scye on the torso (I)

Anterior scye on the upper arm (I)

Posterior horizontal scye, right and left (II)
Posterior vertical scye, right and left (II)
Posterior diagonal scye, right and left (III)
Midscye, right and left (III)

Scye level at midspine (III)

PROCEDURE: Subject is in the anthropometric standing position. ‘The subject
places the right hand on the hip. Begin by standing in front of the subject
and move around the subject as needed. Place the edge of a plastic rule with
a level firmly into the right armpit in a horizontal position and then ask the
subject to carefully lower the arm to the side, thus clamping the rule in
place. Make sure the rule is level. Draw short horizontal lines on the torso
and upper arm at the top of the rule on the anterior side (Anterior scye on
the torso, Anterior scye on the upper arm). These marks are made on the right
side only. Draw a short horizontal line on the back at the top of the rule
(Posterior horizontal scye, right). Repeat the process with the left hand on
the hip and the rule in the left armpit for the posterior horizontal scye,
left. Then remove the plastic rule and draw short vertical lines extending
upwards along the arm creases from the posterior horizontal landmarks
(Posterior vertical scye, right and left). Use a flexible rule to draw a line
(Posterior diagonal scye) connecting the posterior vertical scye lines to the
corresponding acromion landmarks. Hold the marked edge of the rule parallel
to the coronal plane. Then place a tape in the same position, and note the
distance between the scye and acromion points. Draw short horizontal lines
intersecting the diagonal at one-half the noted distance (Midscye). With a
ruler connecting the right and left posterior horizontal scye marks, draw a
short horizontal line across the spine (Scye level at midspine).

CAUTION: These are some of the more difficult landmarks to locate accurately
and consistently. On some subjects the arms will have to be held farther away
from the body than the hands-on-hips position to place the ruler in its proper
position. Be sure that the ruler is level when the arm is lowered to the

side. If it is not, begin the process of placing the ruler again., Do not try
to level the ruler while the subject's arm is down,
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Scye (continued)
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Sellion

DESCRIPTION: The point of the deepest depression of the nasal bones at the
top of the nose.

PROCEDURE: Subject stands, looking straight ahead. Stand at the right of the
subject and palpate the point of deepest depression of the bridge of the nose
in the midsagittal plane. On some subjects, however, there is no distinctly
deepest point and judgment will have to be used to establish its location,
Draw a dot on the bridge of the nose at the landmark.
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Stylion
DESCRIPTION: The lowest point of the bottom of the radius.

PROCEDURE: Subject stands. Stand in front of the subject and grasp the
subject's hand. Place your thumb on the thumb side of the subject's hand and
palpate up toward the wrist until you locate the end of the radius, Draw a

cross (+) over the landmark.

CAUTION: This area is crossed by tendons so it may be necessary to bend the
hand up and down at the wrist to find the landmark.

A
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Submandibular

DESCRIPTION: The juncture, in the midsagittal plane, of the lower jaw and the
neck.,

PROCEDURE: Subject stands with the head in the Frankfort plane. Place a
marking pencil on the underside of the jaw and lightly roll it back toward the
neck until it is stopped by the neck. Draw a short horizontal line at this
point,
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Suprapatella

DESCRIPTION: The superior point of the patella (kneecap).

PROCEDURE: Subject stands erect on a table with the patella relaxed, Stand
in front of the subject and grasp the sides of the patella between the thumb
and third finger, using the index finger to locate the top of the patella.

In trying to locate the upper border of the patella, it may help to run your
thumb and third finger up and down along its upper sides. When the top of the
kneecap has been located draw a short horizontal line through the point.

CAUTION: Subjects will tend to lock their knees when this landmark is being
Tocated. If the subject has difficulty relaxing the knee, firmly grasp the

subject's thigh a few inches above the knee and then let go. This usually has
the effect of relaxing the patella, If the subject is still unable to relax
the knee, move on to other landmarks and then try the patella landmark again.
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Suprasternale

DESCRIPTION: The inferior point of the, jugular notch of the sternum (top of
the breastbone).

PROCEDURE: Subject is in the anthropometric standing position. Stand in
front of the subject and locate the bottom of the notch of the sternum by
palpation. Draw a short horizontal line through the landmark.
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Tenth rib
DESCRIPTION: The inferior point of the right tenth rib (bottom of the rib cage).

PROCEDURE: Subject stands erect. Stand in front of the subject and begin
palpating the bottom of the rib cage on the right side. Work toward the
front along the bottom of the tenth rib until you locate its lowest point.
Draw a short horizontal line through the landmark.

CAUTION: Subjects are often sensitive to touch in the waist area, Use firm

pressure to find the deep bony structure. Avoid prolonged palpation of this
area if possible,
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Tragion, right and left

DESCRIPTION: The superior point on the juncture of the cartilaginous flap
(tragus) of the ear with the head.

PROCEDURE: Palpate each tragus to find the superior point of attachment to
the head. Place a dot on each landmark.

CAUTION: Avoid distorting the soft tissue in this area while drawing the
landmark.
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Trapezius point, right and left

DESCRIPTION: The point at which the anterior border of the trapezius muscle
crosses the lateral neck landmark,

PROCEDURE: Subject stands looking straight ahead. Ask the subject to place
the right hand on his/her left shoulder to help outline the trapezius muscle
on the right shoulder. Stand at the side of the subject. Moving from the’
shoulder to the neck, palpate the mass of the trapezius muscle to locate its
anterior border. Draw a short line from the neck toward the shoulder at the
point where the anterior border of the muscle crosses the lateral neck
landmark. Repeat this procedure on the other side.
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Trochanter

DESCRIPTION: A point at the center of the lateral surface of the right
greater trochanter of the right femur of a sitting subject.

PROCEDURE: Subject sits with the knees flexed about 90 degrees. Stand at the
right of the subject., Palpate the lateral surface of the greater trochanter
near the hip joint and estimate its center. Draw an "0" about 5 mm in diameter
on the landmark. '
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Trochanterion

DESCRIPTION: The superior point of the greater trochanter of the right femur
of a standing subject.

PROCEDURE: Subject stands erect with weight distributed equally on both feet.
Stand in front of the subject. Use the pads of the fingers to simultaneously
locate both greater trochanters (near the hip joint). Work fingers up along
the front and back of the right trochanter to find its highest point. On a
number of subjects it will help to have the subject move the thigh back and
forth. Draw a short horizontal line at the level of the landmark.,

CAUTION: This can be a difficult landmark to locate and you may have to use
your best judgment in drawing the landmark.
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Waist (matural indentation): right and left; anterior and posterior

DESCRIPTION: The point of greatest indentation on the profile of the right
side of the torso as viewed from the front of the subject, or one-half the
distance between the Tenth rib and the Iliocristale landmarks.

PROGCEDURE: Subject is in the anthropometric standing position. Stand in
front of the subject and locate the point of maximum indentation on the right
side of the waist by inspection. On some subjects there will be more than one
indentation that could be identified as a '"natural indentation." On these
subjects, the landmark is drawn one-half the distance between the Tenth rib
and the Iliocristale landmarks. On these subjects, write "1/2" beside the
landmark. Draw a cross (+) on the landmark. Use a landmark transfer rod set
at the height of the right waist landmark to locate corresponding landmarks on
the left, front and back of the subject. Draw 4-cm horizontal lines through
these landmarks. The marks are drawn at the maximum point of quiet
respiration,

CAUTION: The subject must not tense the abdominal muscles. Be sure to draw
the landmarks at the maximum point of quiet respiration.
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Waist (omphalion): right and left; anterior and posterior

DESCRIPTION: Center of the navel.

PROCEDURE: Subject is in the anthropometric standing position. Stand in

front of the subject and locate the landmark by inspection. Draw a 4-cm
horizontal line across omphalion, and using a landmark transfer rod set at the
height of omphalion, draw 4-cm horizontal lines on the right and left sides
and over the spine of the subject. The landmarks are drawn at the maximum
point of quiet respiration.

CAUTION: The subject must not tense the abdominal muscles or change body

position while these marks are drawn.
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Wrist, dorsal

DESCRIPTION: A line across the back of the wrist originating at the stylion
landmark and perpendicular to the long axis of the arm.

PROCEDURE: Subject stands. The subject makes fists and brings them together
in such a way that the metacarpophalangeal and proximal interphalangeal
knuckles are touching, With the volar surfaces of the hands facing outward
and the palm sides facing inward, the subject raises the arms until they are
in a horizontal position roughly parallel to the standing surface. The
forearms and fists are in a straight line. Stand in front of the subject
looking directly at the stylion landmark to eliminate errors in sighting.
Draw a line across the dorsal (back) surface of the wrist beginning below
stylion.

CAUTION: Be sure the line is vertical and that its origin is at stylion.
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HEAD AND FACE LANDMARKS

Some head and face landmarks to be located and drawn at marking station
#1 have already been described. They are: Crinion, Infraorbitale (right),
Menton, Sellion, and Tragion (right and left).

A number of additional landmarks will be drawn on the face by measurers at
measuring station #7. Ask the subject to sit on an elevated chair so the head
and face are at the eye level of the marker. Locate the landmarks by palpation
and visual inspection and mark each one with a dot using a fine-point marking
pencil, Descriptions of the supplemental landmarks appear below. They are
illustrated in Figure l4.

Alare, right and left -- the most lateral point on the flare or wing of
the nose. It is located by visual inspection.

Cheilion, right and left -- the most lateral point of the juncture of
the fleshy (mucosal) tissue of the lips with the facial skin at the
corner of the mouth., It is located by visual inspection.

Ectoorbitale, posterior: right and left -- the posterior point on the
marginal process of the zygomatic bone at the level of the outer corner
of the eye (ectocanthus). It is located by palpation.

Frontotemporale, right and left -- the point of deepest indentation of the
temporal crest of the frontal bone above the browridges. It is located
by palpation.

Clabella -- the most anterior point on the frontal bone midway between
the bony browridges. It is located by inspection and palpation.

Gonion, right and left -- the most lateral point on the posterior angle
of the mandible (jawbone). It is located by palpation.

Infraorbitale, left —— The lowest point on the anterior border of the bony
eye socket.

Promenton -- the most anterior projection of the soft tissue of the chin in
the midsagittal line. It is located by visual inspection.

Pronasale -- the point of the most anterior projection of the tip of the nose
in the midsagittal line. It is located by visual inspection.

Stomion -- the point of intersection of the upper and lower lip in the
midsagittal plane when the mouth is closed. It is located by visual
inspection. This landmark is not drawn.

Subnasale -- the point of intersection of the philtrum (groove of the upper
lip) with the inferior surface of the nose, in the midsagittal plane.
It is located by visual inspection.

Zygion, right and left -- the most lateral point on the zygomatic arch. It

is located by palpation and visual inspection.

Zygofrontale, right and left —- the most lateral point of the frontal bone
where it forms the upper margin of the bony eye socket.
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Glabella
Frontotemporale

Zygofrontale
Infraorbitale

Zygion
Alare

Cheilion

Ectoorbitale

Posterior
Pronasale
Subnasale/
Stomion
Promenton Gonion
Figure 14, Head and face landmarks to be located at measuring station #7,
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All these landmarks will be touched by an electronic sensor on the
automated headboard to obtain three-dimensional head data. (Operation of the
headboard is described in Appendix D).

UNDRAWN LANDMARKS

Some landmarks such as '"the tip of the thumb," "bottom of the ear," or
"the lowest point of the elbow bent 90 degrees' are obvious and easy to locate
from subject to subject. Others, like a point where two body parts meet or
the most protruding point of a body part, are similarly easy to locate by
sight or with the measuring instrument. Some 30 landmarks will not be drawn
by the markers. Rather, it will be the responsibility of the measurers to
learn the definitions and locations of those undrawn landmarks that pertain
to measurements at their stations. They are defined below:

Abdominal point, anterior -- the most protruding point of the relaxed abdomen
of a seated subject.

Acropodion -- the tip of the first or second toe, whichever is longer.

Axillary fold, posterior: right and left —- the highest point of the right and
left axillary folds on the back (see Figure 15).

Buttock point, posterior -- point of maximum protrusion of the right buttock
of a standing subject.

Chin -- the most protruding point on the bottom edge of the chin, along the
jawline.
Dactylion II -- the tip of the index finger.

Dactylion III, right and left -- the tip of the middle finger.

Dorsal juncture of the calf and thigh -- the juncture between the right calf
and thigh behind the knee of a subject in the anthropometric sitting
position.

Ear, bottom -- the lowest point of the ear on its long axis.

Ear point -- the lateral point (farthest from the head) of the right ear.
Ear, top —- the highest point of the ear on its long axis.

Ectocanthus —-- the outside corner of the right eye formed by the meeting

of the upper and lower eyelids.

Elbow crease —- the skin crease on the inside of the elbow joint when the
elbow is flexed 90 degrees.

Heel point, lateral and medial -- the lateral and medial points of the right

heel located at or behind the most protruding point of the lateral
malleolus (outside ankle bone).
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Inferior breast point -~ the most inferior point of the juncture of the lower
of the two breasts with the torso.

Knee point, anterior -- the most protruding point of the right kneecap
of a seated subject.

Medial malleolus -- the medial point of the medial malleolus (inside ankle
bone).
Olecranon, bottom and rear -- the lowest and rearmost points of the elbow

with the elbow flexed 90 degrees.

Otobasion superior —- the anterior superior point of the juncture between
the right ear and the head (see Figure 16).

Posterior Superior Iliac Spine -- the posterior point of the crest of
the right ilium (see Figure 17). A dimple often overlies this point.

Pternion -- the posterior point of the right heel.

Submandibular -- the point in the midsagittal plane where the lower jaw
joins the neck. (When this point is indistinct, the landmark will
be drawn.)

Thelion, right and left -- center of the nipple (on males).

Thigh point, top -- the highest point of the top of the right thigh of a
seated subject (in measuring THIGH CLEARANCE).

Thumbtip -~ the tip of the right thumb,

Top of head -- the highest point on the head when the head is in the
Frankfort plane.

Figure 15. Axillary fold, Figure 16. Otobasion Figure 17. Posterior

posterior, superior superior iliac
landmark landmark spine landmark
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THE MEASUREMENTS

The techniques of measuring each body dimension are described on the
following pages. Included in each description is a definition of the
measurement, required posture for the subject, recommended positions for the
measurer, the name of the relevant instrument, and instructions for taking the
measurement. Where there is a choice of right or left, all measurements are
taken on the right side unless otherwise specified or in the rare cases where
an anatomical abnormality makes it necessary to measure on the left side. All
measurements are made to the nearest mm, Weight is taken to the nearest 0.1 kg.

SUBJECT POSTURE

The purpose of a standardized subject posture is an attempt to ensure
that the differences found in body sizes within a group are just that and not
variations in body posture. Most body posture descriptions are self-
explanatory but the phrases "anthropometric standing" and "anthropometric
sitting," so often used in these descriptions, require clarification.

For anthropometric standing, subjects are asked to stand erect, with
their weight evenly distributed on both feet, heels together as much as
possible, legs and trunk straight without stiffness, and the head erect and
looking straight ahead., The arms are to hang relaxed with the elbows lightly
touching the sides with the palms of the hands beside, but not touching, the
thighs. This posture is similar to that of the position of military attention

but without the stiffness and bracing with which it is often associated.

In the position of anthropometric sitting, the subject sits on a
cushionless flat surface with the long axes of the thighs parallel. The feet
are on an adjustable foot rest, and the knees are flexed 90 degrees. This
position is established using a scored plastic right angle and the two seated
landmarks on the thigh (trochanter and lateral femoral epicondyle, sitting).
(See Figure 18.) Rest one inside edge of the plastic right angle on the table
surface beside the right thigh. The other arm of the angle will hang over the
front edge of the table. Using an adjustable footrest, move the feet up and
down until .the two landmarks are on a line with each other. The trunk is erect
without stiffness; the head is also erect and the subject looks straight ahead.
The shoulders are relaxed and the upper arms are hanging loosely at the sides
with elbows flexed 90 degrees and hands straight. Deviations from these
standardized positions are indicated where appropriate.

A number of dimensions require that the subject's head be in the Frankfort
plane (also known as the Frankfort horizontal). This head position is quite
similar to "head is...erect and...subject looks straight ahead." However, when
the Frankfort plane is called for, the anthropometrist will position the
subject's head so that an imaginary line connecting the drawn landmarks at
right tragion and right infraorbitale is horizontal.

PARALLAX

Parallax is the apparent displacement of an object owing to the angle from
which it is viewed. A common example of this is misreading time when looking
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Figure 18. Establishing the anthropometric sitting position.

at the minute hand of a clock from any position except directly in front of it.
Parallax can be a significant source of error in anthropometry and must be
avoided. To guard against this kind of error, the anthropometrist must have
his or her eyes at the same level as the measurement termination landmark or
the level at which the measurement is being taken. For measurements taken on
the lower body, subjects will be standing on a platform but it will still be
necessary for you to do some bending or stooping to bring your eyes in line
with a landmark, the blade of an instrument, or a tape measure. A stool or
ladder will be supplied for taking overhead reach measurements.

MEASUREMENT ACCURACY

It is axiomatic that the data from any anthropometric study are only as
good as the reliability with which the body dimensions were measured.
However, measuring the body consistently is difficult and often impossible.
Body positions, the amount of pressure exerted on the instruments, and
breathing cycles are only a few of the sources of variation which can
seriously affect the reliability of the measurement. Some examples are listed
below.

Whether a subject is inhaling or exhaling when a measurement is recorded
affects many dimensions. Those most affected are circumferences, breadths,
and depths of the shoulders and torso, and heights from the floor or sitting
surface to the shoulders and points on the torso and arms.
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Few individuals can stand or sit erect without swaying. This is because
the muscles that hold us in these positions are continuously adjusting to the
effects of gravity. Stature, for example, will vary a measurable amount if the
subject is slightly tilted when the measurement is made.

For a number of dimensions you will be cautioned not to let the subject
tense the abdominal muscles. WAIST CIRCUMFERENCE is a good example of a
dimension whose measurement can be drastically changed by the tension or
relaxation of the abdominal muscles. A few dimensions require effort on the
part of the subject to achieve the required body position. These include such
dimensions as WALL-WRIST LENGTH, EXTENDED in which the subject is required to
reach as far forward as possible while keeping one shoulder against a wall,
and BICEPS CIRCUMFERENCE, FLEXED in which the subject is asked to "make a
muscle" as hard as possible. Variability in the motivation of the subject can
be a problem here and subjects should be urged to make a maximum effort.

You will learn to use about the same amount of tension on the tape when
measuring body circumferences and arcs. However, it is more difficult to
achieve consistency when measuring such dimensions as SCYE CIRCUMFERENCE, UPPER
THIGH CIRCUMFERENCE, and AXILLARY ARM CIRCUMFERENCE where the tissue may often
be relatively soft or compressed by an adjacent body segment, than when
measuring such dimensions as ANKLE CIRCUMFERENCE where the flesh is usually firm.

It is the object of the handbook instructions, and the goal of the
practical training you will undergo, to standardize the way these dimensions
will be measured and minimize the effect of these and other variations.

DIMENSION DESCRIPTIONS

Illustrated measurement descriptions for each dimension appear on the
following pages. A visual index, designed to help the reader identify the
anthropometric term(s) used for a particular dimension or dimensions of
interest, appears in Appendix E.
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ABDOMINAL EXTENSION DEPTH, SITTING

ORIGIN-TERMINATION: Abdominal point, anterior —-— plane of the back.

PROCEDURE: Subject is in the anthropometric sitting position but the right

hand is placed on the chest., Stand at the subject's right and use a beam

caliper to measure the horizontal distance between the anterior point of the

abdomen and the back at the same level. The fixed blade of the caliper is

placed on the back. The measurement is made at the maximum point of quiet 9
respiration, with the blades of the instrument just touching the skin.

CAUTION: Make sure the subject does not tense the abdominal muscles.

€l
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ACROMIAL HEIGHT

ORIGIN-TERMINATION: Standing surface -~ acromiom, right.

PROCEDURE: Subject is in the anthropometric standing position. Stand to the
right of the subject, and use an anthropometer to measure the vertical distance
between the standing surface and the drawn acromion landmark on the tip of the
right shoulder. The measurement is made at the maximum point of quiet
respiration.

CAUTION: The subject must not be allowed to change the position of the
shoulders.
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ACROMIAL HEIGHT, SITTING

ORIGIN-TERMINATION: Sitting surface -- acromion, right.

PROCEDURE: Subject is in the anthropometric sitting position. Stand behind
the subject, and use an anthropometer to measure the vertical distance between
the sitting surface and the drawn acromion landmark on the tip of the right
shoulder. The measurement is made at the maximum point of quiet respiration.

CAUTION: The subject must not be allowed to change the position of the
shoulders.
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ACROMION-RADIALE LENGTH

ORIGIN-TERMINATION: Acromion, right - radiale.

PROCEDURE: Subject is in the anthropometric standing position. Stand to the
right of the subject, and use a beam caliper to measure the distance between
the drawn acromion landmark on the tip of the right shoulder and the drawn
radiale landmark on the elbow. It is important that the beam of the caliper
be parallel to the long axis of the arm, and that the fixed blade of the
caliper remain on the tip of the shoulder during this measurement. Both
blades of the instrument just touch the body.

CAUTION: Care should be taken not to distort the skin.
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ANKLE CIRCUMFERENCE

DESCRIPTION: Minimum circumference of the ankle.

PROCEDURE: Subject stands on a table with the feet about 10 c¢cm apart and the
weight distributed equally on both feet. Stand at the right of the subject
and, with a tape, measure the minimum horizontal circumference of the ankle.
Exert only enough tape tension to maintain contact between the tape and the
skin,

L
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AXILLA HEIGHT

ORIGIN-TERMINATION: Standing surface -- anterior scye on the torso, right.

PROCEDURE: Subject is in the anthropometric standing position. Stand in
front of the subject and use an anthropometer to measure the vertical distance
between the standing surface and the axillary fold as designated by the drawn
anterior-scye-on—the-torso landmark. The measurement is taken at the maximum
point of quiet respiration.

CAUTION: The subject must not be allowed to change the position of the
shoulders.,
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AXILLARY ARM CIRCUMFERENCE

LANDMARK(S) ENCOMPASSED: Anterior Scye on the Upper Arm.

PROCEDURE: Subject stands erect looking straight ahead with both fists
resting on the tops of the hips to allow placement of a tape in the armpit.
When the tape is placed, the arms are dropped to hang relaxed at the side.
Stand at the right of the subJect and measure the c1rcumference of the upper
arm perpendicular to its long axis at the level of the antérior scye on the
upper arm landmark. Exert only enough pressure on the tape to maintain
contact between the tape and the skin.,
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BALL OF FOOT CIRCUMFERENCE

LANDMARK(S) ENCOMPASSED: First metatarsophalangeal protrusion —- fifth
metatarsophalangeal protrusion.

PROCEDURE: Subject stands on a table with the feet about 10 cm apart and the
weight distributed equally on both feet. Stand in front of the subject and
use a tape to measure the circumference of the foot at the drawn first and
fifth metatarsophalangeal landmarks on the ball of the foot. Exert only
enough tension on the tape to maintain contact between the tape and the skin.
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BALL OF FOOT LENGTH

ORIGIN-TERMINATION: Pternion -- First metatarsophalangeal protrusion.

PROCEDURE: Subject stands erect on a table with each foot in a footbox and
the weight distributed equally on both feet. Stand behind the subject to make
sure the right foot is properly positioned in the box. The back of the heel
(pternion) should be lightly touching the back of the box, with the lateral
point of the foot (as designated by the drawn fifth metatarsophalangeal
landmark) lightly touching the side of the box. The medial side (inside) of
the foot should be parallel with the long axis of the box. When the foot is
correctly positioned, move to the front of the subject. Measure the distance
between the back of the heel and the ball of the foot by placing a block on
the drawn landmark at the first metatarsophalangeal protrusion and reading the
measurement at that point from the footbox scale.
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BIACROMIAL BREADTH

ORIGIN-TERMINATION: Acromion, right -- acromion, left

PROCEDURE: Subject is in the anthropometric sitting position. Stand behind
the subject and use a beam caliper to measure the distance between the drawn
right and left acromion landmarks at the tips of the shoulders. If the
acromial landmarks cannot be seen from behind, stand in front of the subject.
The measurement is taken at the maximum point of quiet respiration. Use
sufficient pressure to maintain firm contact with the skin.

CAUTION: The subject must not be allowed to change the position of the
shoulders.
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BICEPS CIRCUMFERENCE, FLEXED

LANDMARK(S) ENCOMPASSED: Biceps point.

PROCEDURE: Subject stands. The right upper arm is extended forward
horizontally and the elbow is flexed about 90 degrees. Place a tape around
the upper arm at the level of the drawn biceps point landmark. The fist is
clenched and held facing the head., The subject is urged to exert maximum
effort in "making a muscle." Stand at the right of the subject and use a tape
to measure the circumference of the upper arm. The tape should be in a plane
perpendicular to the long axis of the upper arm. Exert only enough tension on
the tape to maintain contact between the tape and the skin.
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BIDELTOID BREADTH

DESCRIPTION: The maximum horizontal distance between the lateral margins of
the upper arms on the deltoid muscles.,

PROCEDURE : Subject is in the anthropometric sitting position. Stand behind
the subject and use a beam caliper to locate the greatest horizontal distance
between the outside edges of the deltoid muscles on the upper arms. This is
done by brushing the caliper blades up and down the upper arms. When the
blades lightly touch the skin on both sides, withdraw the instrument to read
off the measurement. The measurement is made at the maximum point of quiet
respiration. Note that the deltoid landmarks are NOT used for this
dimension.

CAUTION: The subject must not be allowed to change the position of the
shoulders.
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BIMALLEOLAR BREADTH

ORIGIN-TERMINATION: Lateral malleolus — medial malleolus.

PROCEDURE: Subject stands on a table with the weight distributed equally on
both feet, The feet are about 10 cm apart with the toes pointing forward.
Stand behind the subject and use a Holtain caliper to measure the horizontal
distance between the maximum protrusions of the ankle bones (lateral and
medial malleoli) of the right foot. Holding the fixed blade of the caliper
parallel to the long axis of the foot, place it on the medial malleolus. Hold
the beam of the caliper parallel to the floor. Both blades of the instrument
should just touch the skin,
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BISPINOUS BREADTH

ORIGIN-TERMINATION: Anterior superior iliac spine, right -- anterior superior
iliac spine, left.

PROCEDURE: Subject stands on a table in the anthropometric standing position.
Stand in front of the subject and use a beam caliper to measure the distance
between the drawn right and left anterior superior iliac spine landmarks.

CAUTION: On some subjects, one iliac spine will be located farther forward
than the other. Do not measure diagonally across the body from the "outside"
point to the "inside" point; rather, hold the beam of the caliper so that it
extends straight across the body at the level of the more protruding point.
Note, also, that the beam will not necessarily be parallel to the floor since
the two iliac spines are not always located directly across from each other,
but it must be parallel to the coronal plane.
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BITRAGION CHIN ARC

DESCRIPTION: The surface distance between the right and left tragion across
the anterior point of the chin.

PROCEDURE: Subject sits with the teeth together (lightly occluded), Stand in
front of the subject and use a tape to measure the surface distance from the
drawn right tragion landmark to the drawn left tragion landmark across the tip
of the chin (chin landmark). Exert enough tension on the tape to maintain
contact between the tape and the skin, and be sure that the zero point of the

tape remains on a tragion landmark. The chin will be slightly compressed,
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BITRAGION CORONAL ARC

DESCRIPTION: The surface distance between the right and left tragion across
the top of the head in a coronal plane.

PROCEDURE: Subject sits with the head in the Frankfort plane. Stand in front
of the subject and use a tape to measure the surface distance between the drawn
right and left tragion landmarks across the top of the head in the coronal
plane. Exert sufficient pressure to compress the hair, and be sure the zero
point of the tape remains on a tragion landmark for the measurement.
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BITRAGION CRINION ARC

DESCRIPTION: The surface distance between the right and left tragion across
the top of the forehead at erinion.

PROCEDURE: Subject sits., Stand in front of the subject and use a tape to
measure the surface distance between the drawn right and left tragion
landmarks across the top of the forehead. The top edge of the tape crosses
the forehead at the lowest point of the hairline (crimion). Ask the subject
to help you keep the tape in position by holding it in place on the forehead.
Be sure that the zero point of the tape remains on a tragion landmark.

CAUTION: This point can be indistinct or altogether absent on balding males.
In such cases, the landmark will not be drawn, and this dimension is not
measured.
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BITRAGION FRONTAL ARC

DESCRIPTION: The surface distance between the right tragion and the
left tragion across the forehead.

PROCEDURE: Subject sits. Stand in front of the subject and use a tape
to measure the surface distance between the drawn right tragion landmark
and the drawn left tragion landmark with the tape passing across the
forehead just above the ridges of the eyebrows (supraorbital ridges).

Be sure that the zero point of the tape remains on a tragion landmark,
and exert just enough pressure on the tape to maintain contact between
the tape and the skin,
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BITRAGION SUBMANDIBULAR ARC

DESCRIPTION: The surface distance between the right and left tragion across
the submandibular landmark at the juncture of the jaw and the neck.

PROCEDURE: Subject sits with the head in the Frankfort plane. Stand in front
of the subject and use a tape to measure the surface distance from the drawn
right tragion landmark to the drawn left tragion landmark across the
submandibular landmark. Be sure the zero point of the tape is on a tragion

landmark, and exert only enough tension on the tape to maintain light contact
between the tape and the skin.,

CAUTION: Take care not to compress the soft tissue of the lower jaw.
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BITRAGION SUBNASALE ARC

DESCRIPTION: The surface distance between the right and left tragion across
the bottom of the nose (subnasale).

PROCEDURE: Subject sits. Stand in front of the subject and use a tape to
measure the surface distance between the drawn right and left tragion

landmarks with the top edge of the tape crossing the lowest point of the bottom
of the nose (subnasale). Exert only enough pressure to maintain contact
between the tape and the skin, and be sure the zero point of the tape is on a
tragion landmark.

CAUTION: Be careful not to compress the soft tissue under the nose.
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BIZYGOMATIC BREADTH

DESCRIPTION: The maximum horizontal breadth of the face between the zygomatic
arches,

PROCEDURE: Subject sits. Stand in front of the subject and use a spreading
caliper to measure the maximum horizontal breadth of the face between the
cheekbones (zygomatic arches). Exert only enough pressure to ensure that the
caliper tips are on the zygomatic arches.

)
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BUSTPOINT/THELION - BUSTPOINT/THELION BREADTH

ORIGIN-TERMINATION: Bustpoint/thelion, right —— bustpoint/thelion, left.

PROCEDURE: Subject is in the anthropometric standing position. Stand in
front of the subject and use a beam caliper to measure the distance between
the right and left bustpoints on women and the center of the nipples on men
(bustpoint/thelion). On women, the landmark will be drawn on the bra. They
are not drawn on male subjects. The measurement is taken at the maximum point
of quiet respiration.
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BUTTOCK CIRCUMFERENCE

LANDMARK(S) ENCOMPASSED: Buttock point: right lateral, left lateral, and
posterior.

PROCEDURE: Subject stands erect on a table with heels together. Ask the
subject to hold up the right leg of the shorts to expose the landmark. Stand
at the subject's right and use a tape to measure the horizontal circumference
of the trunk at the level of the maximum protrusion of the right buttock. The
tape should pass over the posterior buttock point (not drawn) and the buttock
point landmarks drawn on the right and left hips. (On the right hip this
landmark is a horizontal line with a "B" drawn beside it.) If necessary, ask
male subjects to adjust the genitalia so as to interfere as little as possible
with the tape. Exert only enough tension on the tape to maintain contact
between the tape and the skin.

CAUTION: The tape must be maintained in a horizontal plane.
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BUTTOCK DEPTH

ORIGIN-TERMINATION: Buttock point, posterior —- abdomen.

PROCEDURE: Subject stands on a table in the anthropometric standing position
but with the right elbow flexed. Stand at the subject's right and use a beam
caliper with a fixed paddle blade to measure the horizontal depth of the torso
at the level of the maximum protrusion of the right buttock. The fixed paddle
blade is placed on the posterior buttock point; the other blade is placed on
the abdomen so that it crosses the midsagittal plane at the same level, If
necessary, ask male subjects to adjust genitalia so as to interfere as little
as possible with the caliper blade. Exert only enough pressure on the
instrument to attain contact between the caliper blades and the skin.
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BUTTOCK HEIGHT

ORIGIN-TERMINATION: Standing surface —— buttock point, right lateral.

PROCEDURE: Subject stands on a table in the anthropometric standing position
but with the right elbow flexed. In some cases the subject will have to hold
up the right leg of the shorts to expose the landmark. Stand at the right of
the subject and use an anthropometer to measure the vertical distance between
the standing surface and the level of the maximum protrusion of the buttock as
drawn on the right side of the right thigh (buttock point, right lateral,
marked with a "B").
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BUTTOCK-KNEE LENGTH

ORIGIN-TERMINATION: Buttock plate —~— knee point, anterior.

PROCEDURE: Subject is in the anthropometric sitting position but with arms
relaxed on the lap. Stand at the right of the subject and slide the buttock
plate toward the subject until it makes light contact with the most posterior
point on either buttock. When the plate is in position lock it in place. Use
an anthropometer to measure the horizontal distance between the buttock plate
and the front of the knee (knee point, anterior). The base of the
anthropometer is anchored on the buttock plate. Exert only enough pressure on
the instrument to attain contact between the anthropometer blade and the knee.

CAUTION: To ensure that the anthropometer is horizontal, be sure that the base
of the anthropometer is fully against the buttock plate.
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BUTTOCK-POPLITEAL LENGTH

ORIGIN-TERMINATION: Buttock plate -- dorsal juncture of the calf and thigh.

PROCEDURE: Subject is in the anthropometric sitting position with the arms
relaxed on the lap, Stand at the right of the subject and slide the buttock
plate toward the subject until it makes light contact with the most posterior
point on either buttock., When the plate is in position, lock it in place.

Use an anthropometer to measure the horizontal distance from the buttock plate
to the back of the knee. This is done in such a way that the blade of the
anthropometer is placed as high and as far forward as possible in the
popliteal fossa behind the knee (dorsal juncture of the calf and thigh)
without compressing tissue. Exert only enough pressure on the instrument to
attain contact between the anthropometer blade and the skin.

CAUTION: To ensure that the anthropometer is horizontal, be sure that the
base of the anthropemter is fully against the buttock plate., The computer
will add 1 em to the recorded dimension to account for the width of the
anthropometer blade.
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CALF CIRCUMFERENCE

LANDMARK(S) ENCOMPASSED: Calf.

PROCEDURE: Subject stands erect on a table with the heels approximately 10 cm
apart and the weight distributed equally on both feet. Stand at the right of
the subject. With a tape held in the horizontal plane measure the
circumference of the calf at the level of the drawn calf landmark. Exert only
enough tension on the tape to maintain contact between the tape and the skin.
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CALF HEIGHT

ORIGIN-TERMINATION: Standing surface -- calf.

PROCEDURE: Subject stands erect on a table with the heels together and the
weight distributed equally on both feet, Stand at the right of the subject
and use an anthropometer to measure the vertical distance between the standing
surface and the drawn calf landmark on the side of the leg.
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CERVICALE HEIGHT

ORIGIN-TERMINATION: Standing surface -- cervicale.

PROCEDURE: Subject is in the anthropometric standing position with the head
held in the Frankfort plane., Stand behind the subject and use an
anthropometer to measure the vertical distance between the standing surface
and the drawn cervicale landmark. The measurement is taken at the the maximum
point of quiet respiration.

CAUTION: Be sure the subject's head remains in the Frankfort plane while the
measurement is taken.
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CERVICALE HEIGHT, SITTING

ORIGIN-TERMINATION: Sitting surface -- cervicale.

PROCEDURE: Subject is in the anthropometric sitting position with the head

held in the Frankfort plane., Stand behind the subject and use an

anthropometer to measure the vertical distance between the sitting surface
and the drawn cervicale landmark. The measurement is taken at the maximum point of
quiet respiration.

CAUTION: Be sure the subject's head remains in the Frankfort plane while the

measurement is taken.
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CHEST BREADTH

DESCRIPTION: The maximum horizontal breadth of the chest at the level of the
right bustpoint/thelion landmark.

PROCEDURE: Subject stands erect looking straight ahead with the heels
together and the weight distributed on both feet. The arms are held away from
the body just enough to allow clearance between the arms and a beam caliper
used to make the measurement. Stand in front of the subject and measure the
maximum horizontal breadth of the chest at the level of the drawn right
bustpoint landmark (women) or nipple (men). The measurement is made at the
maximum point of quiet respiration. Exert only enough pressure to attain
contact between the caliper and the skin (or bra).

CAUTION: Breast tissue should NOT be included in this measurement. This can
be avoided, when necessary, by tilting the blades of the caliper upwards and

approaching the bony sides of the chest from below the breasts. On some male
subjects the latissimus dorsi, heavy muscles at the back of the armpit, bulge
beyond the bony sides of the chest. These muscles should not be included in

the measurement either.
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CHEST CIRCUMFERENCE

LANDMARK(S) ENCOMPASSED: Bustpoint/thelion, right.

PROCEDURE: Subject is in the anthropometric standing position in front of a
mirror. Stand in front of the subject and use a tape to measure the horizontal
circumference of the chest at the level of the bustpoint on women and the
nipple on men (bustpoint/thelion, right). For women, the landamrk is drawn on
the bra. It is not drawn on male subjects. Use the mirror to check the
position of the tape as it crosses the subject's back. This dimension will
cross very soft tissue at the armpit and bust, and some compression of the
tissue will inevitably occur. Be sure, however, to keep this to a minimum.
Exert only enough tension on the tape to maintain contact between the tape and
the skin. The tape will span body hollows in this measurement. The
measurement is taken at the maximum point of quiet respiration.

CAUTION: This must be a horizontal measurement. It will not necessarily
cross the left bustpoint/thelion landmark.
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CHEST CIRCUMFERENCE AT SCYE

LANDMARK(S) ENCOMPASSED: Scye at midspine.

PROCEDURE : Subject stands erect looking straight ahead in front of a mirror.
The heels are together and the weight is equally distributed on both feet. The
subject puts both fists on the tops of the hips. Place a tape around the
torso, passing over the drawn scye level at midspine landmark. Use the mirror
to check the position of the tape as it crosses the subject's back. After the
tape is in place, the subject drops the arms to the sides with the palms facing
the thighs. Stand in front of the subject and use the tape to measure the
horizontal circumference of the chest at the level of the landmark. This
dimension will cross very soft tissue at the armpit and bust, and some
compression of the tissue will inevitably occur. Be sure, however, to keep
this to a minimum. Exert only enough tension on the tape to maintain contact
between the tape and the skin. The tape will span body hollows in this
measurement. The measurement is taken at the maximum point of quiet
respiration,
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CHEST CIRCUMFERENCE BELOW BREAST

LANDMARK(S) ENCOMPASSED: Imnferior breast point.

PROCEDURE: Subject is in the anthropometric standing position in front of a
mirror. Stand in front of the subject and use a tape to measure the horizontal
circumference of the chest at the level of the inferior juncture of the lowest
breast with the rib cage (inferior breast point). On women, the tape may lie
on the bra. Use the mirror to check the position of the tape as it crosses

the subject's back. Exert only enough tension on the tape to maintain contact
between the tape and the skin (or bra). The tape will span the hollows of the
spine. The measurement is taken at the maximum point of quiet respirationm.
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CHEST DEPTH

ORIGIN-TERMINATION: Plane of the back -— bustpoint/thelion, right.

PROCEDURE: Subject is in the anthropometric standing position. Stand at the
right of the subject and use a beam caliper to measure the horizontal distance
between the chest at the level of the right bustpoint on women and nipple on
men (bustpoint/thelion, right) and the back at the same level., Place the
fixed blade of the caliper on the back. The bustpoint/thelion landmark is
drawn on the bra for female subjects; it is not drawn on male subjects. This
measurement is taken at the maximum point of quiet respiration. Exert only
enough pressure to maintain contact between the caliper and the skin (or bra).

CAUTION: Subject must not be allowed to change the position of the shoulders.
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CHEST HEIGHT

ORIGIN-TERMINATION: Standing surface -- bustpoint/thelion, right.

PROCEDURE: Subject is in the anthropometric standing position. Stand in

front of the subject and use an anthropometer to measure the vertical distance
between the standing surface and the right bustpoint on women and the nipple

on men (bustpoint/thelion, right). The landmark is drawn on the bra for female
subjects; it is not drawn on men., The measurement is taken at the maximum
point of quiet respiration.
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CROTCH HEIGHT

ORIGIN-TERMINATION: Standing surface —-- crotch.

PROCEDURE: Subject stands on a table in the anthropometric standing position.
Stand in front of the subject. The subject spreads the legs apart enough to
allow placement of the blade of an anthropometer near the crotch. The subject
then brings the heels back together and raises the blade until it is in firm
contact with the crotch. (Place the blade to the right of the genitalia.)

The measurer then exerts additional upward pressure on the slide of the
anthropometer to achieve firm and uniform placement. Measure the vertical
distance between the standing surface and the erotch.

CAUTION: The computer will add 1 cm to the recorded dimension to account for
the width of the anthropometer blade.
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CROTCH LENGTH (NATURAL INDENTATION)

ORIGIN-TERMINATION: Waist (natural indentation), anterior -- waist (matural
indentation), posterior.

PROCEDURE: Subject stands erect looking straight ahead with the feet
sufficiently apart to allow passing a tape through the crotch. When the tape
is in place, the subject brings the heels together for the measurement. Stand
at the right of the subject and measure the distance between the drawn
landmarks on the abdomen [waist (matural indentation), anterior] and at the
same waist level in back [waist (natural indentation), posterior]. The tape
passes through the crotch (on males to the right of the scrotum), and between
the buttocks. The zero point of the tape is placed on the posterior waist
landmark. After passing through the crotch the tape should be brought
vertically to the anterior waist landmark. On men this will be somewhat to
the right of the navel, Exert only enough tension on the tape to maintain
contact between the tape and the surface of the body. The measurement is taken
at the maximum point of quiet respiration,

CAUTION: Be sure the subject does not tense the abdominal muscles and that
the tape lies on the skin.
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CROTCH LENGTH (OMPHALION)

ORIGIN-TERMINATION: Waist (omphalion), anterior —- waist (omphaliom),
posterior.

PROCEDURE: Subject stands erect looking straight ahead with the feet
sufficiently apart to allow passing a tape through the crotch. When the tape
is in place, the subject brings the heels together for the measurement. Stand
at the right of the subject and measure the distance between the drawn
landmarks on the navel [waist (omphalion), anterior] and at the same waist
level in back [waist (omphalion), posterior]. The tape passes through the
croteh (on males to the right of the scrotum) and between the buttocks. The
zero point of the tape is placed on the posterior waist landmark. After
passing through the crotch the tape should be brought vertically to the
anterior waist landmark. On men this will be somewhat to the right of the
navel. Exert only enough tension on the tape to maintain contact between the
tape and the surface of the body. The measurement is taken at the maximum
point of quiet respiration.

CAUTION: Be sure the subject does not tense the abdominal muscles and that
the tape lies on the skin.

109



CROTCH LENGTH, POSTERIOR (NATURAL INDENTATION)

ORIGIN-TERMINATION: Inner thigh —- waist (natural indentation), posterior

PROCEDURE: Subject stands on a table with the left foot on a platform so that
the knee is flexed. Stand to the left rear of the subject and use a specially
modified tape to measure the surface distance from the crotch at the drawn
inner thigh landmark to the back of the waist at the drawn waist (natural
indentation) posterior landmark. To take the measurement, grasp the zero end
of the tape by the dowel, place the leading edge of the pennant on the inner
thigh landmark, and bring the tape up between the buttocks to the back of the
waist, exerting only enough pressure to maintain contact between the tape and
the body. The measurement is taken at the maximum point of quiet respiration.

CAUTION: Do not let the subject tense the abdominal muscles; make sure that
the tape lies on the surface of the body.
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CROTCH LENGTH, POSTERIOR (OMPHALION)

ORIGIN-TERMINATION: Imnmner thigh -- waist (omphalion), posterior

PROCEDURE: Subject stands on a table with the left foot on a platform so that
the knee is flexed., Stand to the left rear of the subject and use a specially
modified tape to measure the surface distance from the crotch at the drawn
inner thigh landmark to the back of the waist at the drawn waist (omphalion),
posterior landmark. To take the measurement, grasp the zero end of the tape
by the dowel, place the leading edge of the pennant on the inner thigh
landmark, and bring the tape up between the buttocks to back of the waist,
exerting only enough pressure to maintain contact between the tape and the
body. The measurement is taken at the maximum point of quiet respiration.

CAUTION: Do not let the subject tense the abdominal muscles and be sure that
the tape lies on the surface of the body.
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EAR BREADTH

DESCRIPTION: The greatest breadth of the ear between Otobasion, superior and

a point on the outside edge of the ear in a line perpendicular to the long axis
of the ear.

PROCEDURE: Subject sits looking straight ahead. Stand at the subject's right
and use a sliding caliper to measure the maximum breadth of the ear
perpendicular to its long axis. The fixed blade of the caliper is placed in
front of the ear at the juncture of the top of the ear with the head
(otobasion superior), and oriented in a line parallel to the long axis of the
ear. The other blade of the instrument is touching the outer edge of the ear

at its widest point. Exert only enough pressure to attain contact between
the caliper and the skin.

CAUTION: Care must be taken not to distort the soft tissue of the ear.
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EAR LENGTH

ORIGIN-TERMINATION: FEar, top — ear, bottom.

Stand at the right of the

PROCEDURE: Subject sits looking straight ahead.
subject and use a sliding caliper to measure the length of the ear from its
ear. The

highest to lowest points on a line parallel to the long axis of the
fixed blade of the caliper is placed on the bottom of the earlobe. Exert only
enough pressure to attain contact between the caliper and the skin.

CAUTION: Care must be taken not to distort the ear with the caliper.
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EAR LENGTH ABOVE TRAGION

ORIGIN-TERMINATION: Tragion, right — ear top.

PROCEDURE: Subject sits looking straight ahead. Stand at the right of the
subject and use a sliding caliper to measure the distance from the drawn
tragion landmark to the top of the ear on a line parallel to the long axis of
the ear. The fixed blade of the caliper is placed on tragion. Exert only
enough pressure to attain contact between the caliper and the skin,

CAUTION: Take care not to compress the soft tissue of the ear.
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EAR PROTRUSION

ORIGIN-TERMINATION: Mastoid process —-- ear point.

PROCEDURE: Subject sits looking straight ahead, Stand at the right of the
subject and use a sliding caliper with the slide reversed to measure the
horizontal distance between the mastoid process (the bony area behind the ear)
and the outside edge of the ear at its most lateral point. The base of the
caliper is placed on the mastoid process. Exert only enough pressure to
ensure that the caliper blade is on the lateral point of the ear.

CAUTION: Care must be taken not to distort the ear and that the beam of the
caliper is perpendicular to the head.
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ELBOW CIRCUMFERENCE

LANDMARK (S) ENCOMPASSED: Olecranon, center.

PROCEDURE: Subject stands with the arm straight and held away from the bod
at about a 30-degree angle. Stand at the right of the subject and use a tz
to measure the circumference of the elbow in a plane perpendicular to the 1oEe
axis of the arm. The tape goes around the elbow at the level of the drawn '
olecranon, center landmark. Use only enough pressure to maintain contact
between the tape and the skin.

CAUTION: Do not permit the subject to hyperextend the elbow. Women in
particular will tend to do this.
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ELBOW REST HEIGHT

ORIGIN-TERMINATION: Sitting surface —-- olecranon, bottom.

PROCEDURE: Subject is in the anthropometric sitting position. Stand behind
the subject and use an anthropometer to measure the vertical distance between
the sitting surface and the bottom of the flexed elbow (olecranon bottom).
The measurement is taken at the maximum point of quiet respiration.

CAUTION: This dimension is difficult to measure with a high degree of
reliability, Check the subject's posture, position of the shoulders, upper
arms, and forearms, and be sure to make the measurement at the required point
of respiration. The computer will add 1 em to the recorded dimension to
account for the width of the anthropometer blade.

117




EYE HEIGHT, SITTING

ORIGIN-TERMINATION: Sitting surface -- ectocanthus, right,

PROCEDURE: Subject is in the anthropometric sitting position with the head in
the Frankfort plane. Use an anthropometer to measure the vertical distance
between the sitting surface and the outer corner of the eye (ectocanthus,
right). Begin by placing the anthropometer on the sitting surface just behind
and somewhat to the right of the subject with the blade directed away from the
subject. Move the blade to a position approximately level with the subject's
eyes. Then swivel it around toward the subject bringing it close to the
corner of the eye without actually touching it. On some larger and heavier
subjects, the anthropometer may have to be brought around to the side or even
to the front of the subject in order for the blade to reach the area close to
the corner of the eye. Sight along the bottom of the blade at the level of
ectocanthus. The measurement is taken at the maximum point of quiet
respiration,

CAUTION: The point of the anthropometer blade must never be directed toward
the subject's eye. Be sure the subject's head is in the Frankfort plane and
that your eye is at the same level as the bottom of the blade of the
anthropometer.
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FOOT BREADTH, HORIZONTAL

ORIGIN-TERMINATION: First metatarsophalangeal protrusion —— fifth
metatarsophalangeal protrusion.

PROCEDURE: Subject stands on a table with each foot in a footbox. Stand in
front of the subject, and position the right foot in the box with the back of
the heel lightly touching the back of the box, and the side of the foot at the
drawn fifth metatarsophalangeal protrusion landmark lightly touching the side
of the box. The medial side (inside) of the right foot is parallel to the
long axis of the box. Place a block against the drawn landmark at the first
. metatarsophalangeal protrusion to establish the horizontal breadth of the foot
on the foot box scale.

CAUTION: Be sure the foot is correctly positioned before taking the
measurement.
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FOOT LENGTH

ORIGIN-TERMINATION: Acropodion — pternion.

PROCEDURE: Subject stands on a table with each foot in a footbox. Stand
behind the subject to position the right foot in the box with the back of

the heel (pternion) lightly touching the rear of the box and the fifth
metatarsophalangeal protrusion (a drawn landmark) lightly touching the side of
the box. The medial side (inside) of the right foot is parallel with the long
axis of the box. Move to the right side of the subject to take the
measurement. Place a block against the tip of the longest toe (acropodion) to
establish the length of the foot on the footbox scale. Use only enough
pressure to ensure that the block touches the toe.

CAUTION: Be sure the foot is correctly positioned before taking the
measurement .,
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FOREARM CIRCUMFERENCE, FLEXED

LANDMARK(S) ENCOMPASSED: FElbow crease.

PROCEDURE: Subject stands with the upper arm extended forward horizontally,
the elbow flexed 90 degrees, and the fist tightly clenched. Stand at the right
of the subject and use a tape to measure the circumference of the forearm at
the level where the bottom edge of the tape passes across the crease at the
juncture between the upper arm and forearm (elbow crease). The measurement is
made in a plane perpendicular to the long axis of the forearm. Exert only
enough tension on the tape to maintain contact between the tape and the skin.

CAUTION: Urge the subject to clench the fist tightly.
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FOREARM~-FOREARM BREADTH

DESCRIPTION: The maximum horizontal distance between the lateral right
forearm and the lateral left forearm.

PROCEDURE: Subject is in the anthropometric sitting position. Stand behind
the subject and use a beam caliper to measure the maximum horizontal distance
across the upper body between the outsides of the forearms. Brush the

blades back and forth to ensure that the maximum breadth is attained. Exert
only enough pressure to ensure that the caliper blades are on the lateral
points of the forearms. The measurement is taken at the maximum point of
quiet respiration.

CAUTION: Be sure that the arms are in the required position and the subject
is at the required point of respiration.
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FOREARM-HAND LENGTH

ORIGIN-TERMINATION: Olecranon, rear -- dactylion III, right.

PROCEDURE: Subject stands erect with the upper arms hanging at the side and
the right elbow flexed 90 degrees. The hand is held out straight with the palm
facing inward. Stand to the right of the subject and use a beam caliper to
measure the horizontal distance between the back of the tip of the elbow
(olecranon, rear) to the tip of the middle finger (dactylion III). Place the
fixed blade on olecranon, rear. Exert only enough pressure to attain contact
between the caliper and the skin.

CAUTION: Measure to the tip of the finger, not the fingernail,
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FUNCTIONAL LEG LENGTH

ORIGIN-TERMINATION: Footrest surface of the anthropometer base —-- plane of
the back.

PROCEDURE: Subject sits erect on the edge of a seat with the right leg
extended and the foot on the base plate of an anthropometer which rests on the
floor. The subject brings the left foot under the seat to enhance stability.
Stand at the right of the subject and measure the straight-line distance
between the footrest surface of the base of the anthropometer and the back
surface of the body. The shaft of the anthropometer passes over the drawn
trochanter landmark. The foot should be in firm contact with the base plate
of the anthropometer; the blade should be in light contact with the back.

CAUTION: Urge the subject to fully extend the knee. Be sure that the
anthropometer is properly aligned with the trochanter landmark.
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GLUTEAL FURROW HEIGHT

ORIGIN-TERMINATION: Standing surface ——- gluteal furrow point.

PROCEDURE: Subject stands on a table in the anthropometric standing position.
Ask the subject to hold up the right leg of the shorts to expose the landmark.
Stand at the right of the subject and use an anthropometer to measure the
vertical distance between the standing surface and the drawn landmark at the
lowest point of the gluteal furrow under the buttocks.
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HAND BREADTH

ORIGIN-TERMINATION: Metacarpale II -- metacarpale V.

PROCEDURE: Subject sits with the palm on a table and the fingers on a flat
surface 8 mm higher. The fingers are together and the thumb is held away from
the hand at about a 45-degree angle. The measurer presses the hand into

firm contact with the table and instructs the subject to hold this position.
The middle finger is parallel to the long axis of the forearm. Stand in front
of the subject and use a sliding caliper to measure the breadth of the hand
between the drawn landmarks at metacarpale II and metacarpale V. Exert only
enough pressure to ensure that the caliper blades are on the landmarks.
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HAND CIRCUMFERENCE

LANDMARK(S) ENCOMPASSED: Metacarpale II; metacarpale V.

PROCEDURE: Subject sits with the palm on a table and the proximal phalanges

on a flat surface 8 mm higher. The fingers are together and the thumb is held
away from the hand at about a 45-degree angle. The measurer presses the hand
into firm contact with the table and instructs the subject to hold this
position. The middle finger is parallel to the long axis of the forearm.

Place the tape under the hand before positioning the subject. Stand in front
of the subject and pass the tape over the drawn landmarks at metacarpale II and
metacarpale V to measure the circumference of the hand. Exert only enough
tension on the tape to maintain contact between the tape and the skin,
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HAND LENGTH

ORIGIN-TERMINATION: Stylion =- dactylion III, right.

PROCEDURE: Subject sits with the palm on a table and the fingers on a flat
surface 8 mm higher. The fingers are together and the thumb is held away from
the hand at about a 45-degree angle. The measurer presses the hand into firm
contact with the table and instructs the subject to hold this position. The
middle finger is parallel to the long axis of the forearm. Stand at the left
of the subject and use a Poech sliding caliper to measure the length of the
hand between the drawn stylion landmark on the wrist and the tip of the middle
finger (dactylion III)., Place the fixed blade of the caliper on stylion. The
beam of the caliper is parallel to the long axis of the arm. Exert only
enough pressure to ensure that the tips of the caliper are on the landmarks,

CAUTION: Subject must not be allowed to flex or hyperextend the fingers.
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HEAD BREADTH

DESCRIPTION: The maximum horizontal breadth of the head above the ears.

PROCEDURE: Subject sits. Stand behind the subject and use a spreading
caliper to measure the maximum horizontal breadth of the head above the ears.
Exert sufficient pressure to obtain contact between the caliper and the skin.
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HEAD CIRCUMFERENCE

DEFINITION: The maximum circumference of the head above the supraorbital
ridges and ears.

PROCEDURE: Subject sits. Stand to the right of the subject and use a tape to
measure the maximum circumference of the head above the attachment of the ears
to the head. The bottom of the tape should pass just above the ridges of the
eyebrows (supraorbital ridges) and around the back of the head. Use enough
tension to compress the hair,

CAUTION: The plane of the tape will be higher in front than it is in the back
but it should not be tilted to either side.
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HEAD LENGTH

ORIGIN-TERMINATION:

Glabella — opisthocranion.

PROCEDURE: Subject sits. Stand at the right of the subject. Use a spreading
caliper to measure in the midsagittal plane, the distance between a point
between the browridges (glabella) and the posterior point on the back of the
head. Place one tip of the caliper on glabella and move the other tip up and
down on the back of the head in the midsagittal plane until the maximum

measurement is obtained. Use light pressure on glabella, and enough pressure
at opisthocranion to compress the hair.
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HEEL ANKLE CIRCUMFERENCE

LANDMARK(S) ENCOMPASSED: Dorsal juncture of the foot and leg.

PROCEDURE: Subject stands on a table with the feet about 10 cm apart and the
weight distributed equally on both feet, Stand in front of the subject and
use a tape to measure the circumference of the foot at the ankle and base of
the heel. The tape passes over the point at which the heel first contacts the
table and over the drawn landmark at the front of the ankle (dorsal juncture
of the foot and leg). The tape spans hollows of the foot. Exert only enough
tension to maintain contact between the tape and the skin.

CAUTION: The tape may be held at the base of the heel to prevent its slipping
during the measurement.,
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HEEL BREADTH

ORIGIN-TERMINATION: Heel point, lateral =- heel point, medial.

PROCEDURE: Subject stands on a table with the weight distributed equally on
both feet. The feet are spread apart about 10 cm and are parallel. Stand
behind the subject and<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>